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SUMMARY
Thereisarecognisedassociationbetweenmajorgastrointestinal(Gl)malformationsandcongenital
heart disease (CHD). A retrospective study over 10 years involving 240 infants born with
gastrointestinal malformations was conducted in the Royal Belfast Hospital For Sick Children
(RBHSC). We felt it was important to look at the incidence of CHD diagnosed in the infants
presentingtothetertiary referralcentreinBelfast. ComparablefiguresfortheincidenceofCHD
associated with major Gl malformations was found in the literature.
INTRODUCTION
TheassociationbetweenmajorGImalformations
and CHD is well recognised. The Royal Belfast
HospitalForSickChildrenistheregionalreferral
centre for surgery in all infants born in Northern
Ireland with major GI malformations. There are
about 26,000 live births in Northern Ireland per
year. Three hundred new cases ofCHD are seen
by the paediatric cardiologists, and about thirty
infants are born with major GI malformations in
the sameperiod. Overthepast 10 years allbabies
presenting with major GI problems have been
referredforacardiologicalassessment. Thispaper
reports the outcome of that survey.
PATIENTS AND METHODS
All infants referred to theRBHSC with major GI
malformations (diaphragmatic hernia, tracheo-
oesophageal atresia/oesophageal atresia,
anorectal anomalies, duodenal atresia,
exomphalos and gastroschisis) between January
1989 and December 1998 were included in the
study. All were seenby apaediatric cardiologist,
usuallypriortoGIoperation andeachpatienthad
anelectrocardiogram (ECG), chestX-ray (CXR)
and echocardiogram carried out. Since the
majority of patients were assessed early in life,
many had minor cardiovascular abnormalities,
such as haemodynamically insignificant ductus
arteriosus, patent foramen ovale and trivial
pulmonary artery stenosis. These infants were
not included as having a major cardiovascular
abnormality.
RESULTS
In total, 240 infants with gastrointestinal
malformations were identified over the 10 year
period. There were 145 males and 95 females.
Averagegestationwasjustover37 weeks andthe
mean birth weight 2480 grams. Of these, 37
(15%) had a recognisable syndrome such as
Downs and Vater syndromes. Ofthe total of240
infants, 53 (22%) had a congenital heart disease
(table). Out of the 37 infants with recognised
syndromes, a total of 24 (65%) had significant
cardiac lesions and oftheremaining 203 without
syndromes, 29 (14%) had CHD.
ThecommonestGIabnormalityamongtheinfants
withoutrecognisablesyndromeswasimperforate
anus (53 cases) and 12(23%) ofthese werefound
to have congenital heart disease. The second
commonest abnormality in this group was
oesophageal atresia combined with tracheo-
oesophageal fistula (32 cases); none had a
recognisable syndrome and four (12%) had
congenital heart disease.
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TABLE
Distribution ofCHD with GI malformations
GI No of No(%) VSD ASD PDA AVSD FT CoAo TGA PA DORV TA Others
malformations Infants with CHD
Dia Hernia 35 6(17) 1 3 2
TOF/OA 48 13(27) 3 3 1 1 1 1 2 Univentricular
heart
Anorectal
anomaly
High 12 2(17) 2
Low 57 14(25) 5 3 1 1 2 1 Hypoplastic
left heart
Duodenal atresia 25 13(52) 4 1 1 6 Ebsteins
anomaly
Exomphalos 22 4 (19) 2 2
Gastroschisis 40 1(2) 1
Total 240 53(22) 16 7 9 6 1 1 3 3 2 2 3
VSD = ventricular septal defect; ASD = atrial septal defect; PDA = Patent ductus arteriosus; AVSD = atrioventricular septal defect;
FT = tetralogy ofFallot; Co Ao = coarctation of the aorta; TGA = transposition of the great arteries; PA = pulmonary atresia;
DORV = double outlet right ventricle; TA = truncus arteriosus; TOF/OA = tracheo-oesophageal fistula/oesophageal atresia.
Ofthetotalnumberofinfantsidentified, onlyone
had a family history of GI malformation (anal
atresia in a sibling of an infant born with
imperforate anus) andfourwith apositivefamily
history ofcongenitalheartdisease, althoughonly
twoofthesewerediagnosedashavingsignificant
cardiovascular abnormalities.
Fifty-five (23%) of the GI abnormalities were
detectedonantenatalscanning,themajoritybeing
largeanteriorabdominal walldefects, whileonly
one infant with Downs syndrome and duodenal
atresiahadanatrioventricularseptal(A-V)defect
identified in utero.
223 (93%) were seenwithinthefirstweekoflife.
Ofthe remaining 17 children seen after the first
week,twohadmajorcardiovascularabnormalities
discovered at 10 and 19 days respectively.
Amongthoseinfantswithknownsyndromesthere
was a total of 12 with VATER syndrome, (an
acronym for Vertebral defects, Anal atresia,
Tracheo-Esophageal fistula, Renal defects and
Radial anomalies), 15 withDowns syndrome and
10 others. All of the infants diagnosed with
VATER syndrome had associated oesophageal
atresia and tracheo-oesophageal fistula and five
hadcoexistingimperforate anus. Ofthe 15infants
with Downs syndrome, the commonest GI
abnormality was duodenal atresia in 11 infants,
10 of whom had associated congenital heart
disease.
Ofthosetransferredforcorrective GI surgery, 42
(17%) of the 240 infants died, eight (19%) of
whom had associated syndromes. Of the
remainingdeaths, fivecouldbeattributedtotheir
CHD, while 29 (including eighteen with
diaphragmatic hernia) were attributable to major
uncorrectable GI malformations.
DISCUSSION
It has long been recognised that there is an
associationbetweenmajorGImalformations and
CHD; about 20% of patients with major GI
malformationshaveanassociatedcongenitalheart
defect.' In the 1970's, Greenwood et al reported
the incidence ofCHD in infants with a diagnosis
ofcongenital diaphragmatic hernia, imperforate
anus, exomphalocele and tracheo-oesophageal
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fistula associated with oesophageal atresia to be
23%, 12%, 19.5%and 15%respectively.2-5Figures
in this paper are 17%, 23%, 19% and 12%.
The recognition of a cardiac lesion in this group
ofpatientsisimportant, particularlyinthosewith
associatedsyndromes.Beforeembarkingonmajor
GI surgery it is important to be aware of the
infant's cardiac status both for prognostic
purposes and to provide sub-acute bacterial
endocarditis (SBE)prophylaxis ifappropriate. In
a child with coexisting major GI and cardiac
abnormality, itmaybeunwisetoproceedwithGI
surgery. There is also a need to counsel parents
regarding risks offuture pregnancies. Ithas long
been advocated that echocardiograms should be
carried out on these infants as amatterofroutine
and that clinical examination, CXR and ECG
alone, are not adequate to detect all the infants
with CHD.1
Early reporting by parents of a family history of
either CHD or major GI malformations is often
sketchyalthoughwithanincidenceofCHDinthe
new-born population at about 0.4-0.8%, our
results seem to be representative.7'8
Previous studies have revealed a much greater
yield in the antenatal detection of large GI
malformations compared with cardiovascular
abnormalities.9 Obviously withimprovements in
fetal ultrasonography, more GI malformations
arebeing detected inutero; this compares to only
one cardiovascular abnormality detected on scan
in an infant with other congenital abnormalities.
Thisisnotsurprising, sincethereisgenerallyless
difficulty in identifying large GI abnormalities
compared to structural heart defects on antenatal
scan. The number of GI malformations detected
antenatally in this series appears to be low (only
23%). This may be slightly misleading since this
information was taken from the paediatric rather
than the antenatal notes. It is an important issue
however, since mothers awaiting the birth of a
child with a major GI malformation should be
transferredtoaregionalcentrecapableofcarrying
out the necessary neonatal surgery.
The importance of early cardiac assessment is
seen in the fact that two infants were operated on
without echocardiogram and were notthought to
have significant CHD (secundum atrial septal
defect and a moderate-sized patent ductus
arteriosus).
Although the overall incidence of CHD in
association with GI malformations in our series
of240infantswas similartootherstudies at22%,
the incidence of CHD amongst infants with
recognisable syndromes and GI malformations
was 65%. Careful examinationisessentialtorule
out the possibility of an associated syndrome in
an infant born with a GI malformation and these
infants should be scanned early to rule out the
high incidence ofan associated cardiac defect. A
previous study carried outinBelfast showed that
infants with Downs syndrome had a42% chance
ofhaving an associated cardiac abnormality, but
in our series this is increased to 73% ifthere is a
coexisting GI malformation. 1 This may suggest
agreaterriskofCHD in Downs syndrome ifaGI
abnormality is also present. VATER and
associated conditions have a high risk of CHD
occurringininfants withGImalformations.1'11 12
Again, the infants with VATER association in
ourserieswithanincidenceof67% wouldconcur
with those previouslyreported.13 Only one ofthe
fourinfantswithBeckwith-Wiedemann syndrome
was found to have an associated cardiovascular
abnormality. Previous studies have shown an
associationwithisolatedreversiblecardiomegaly
but not CHD.14-17
Most of the major GI malformations are
correctable. The exception are infants with
congenital diaphragmatic hernia, known to be
associated withhigh mortalityrates.2' 18-21 Recent
overall survival rates by the Congenital
Diaphragmatic Hernia Study Group (formed in
1995 with sixty-two centres and 442 patients)
was 62%.22 Of the 35 infants identified with
congenital diaphragmatic hernia over 10 years in
our study, 17 (49%) survived. The figures for
mortality in this paper are, however, not wholly
representative, since severe cases with major
bowel and cardiac problems never make it as far
as the Children's Hospital.
CONCLUSION
Thisstudyconfirmsanincreasedriskofcongenital
heart disease among infants with major GI
malformations, and particularly amongst those
with recognised syndromes. We advocate that
infants withmajorGImalformations shouldhave
an early cardiological assessment which should
include echocardiogram prior to gastrointestinal
surgeryandthatinfantsbornwithsuchcongenital
abnormalities should be screened for syndromes
and ifnecessary referred to the genetic service to
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enable their parents to be counselled about the
potentialriskofrecurrenceinfuturepregnancies.
ACKNOWLEDGMENTS
We thank Jayne Rodgers, senior
echocardiography technician and the paediatric
cardiologists. We also thank the parents of
children treated at the RBHSC.
REFERENCES
1. Tulloh R M R, Tansey S P, Parashar K, De Giovanni
J V, Wright J G C, Silove E D. Echocardiographic
screening inneonatesundergoing surgeryforselected
gastrointestinal malformations. Arch Dis Child 1994;
70: F206-8.
2. Greenwood R D, Rosenthal A, Nadas A S.
Cardiovascular abnormalities associated with
congenital diaphragmatic hernia. Pediatrics 1976;
57: 92-7.
3. Greenwood R D, Rosenthal A, Nadas A S.
Cardiovascular malformations associated with
imperforate anus. J Paediatr 1975; 86: 576-9.
4. Greenwood R D, Rosenthal A. Cardiovascular
malformations associated with tracheo-oesophageal
fistula and oesophageal atresia. Pediatrics 1976; 57:
87- 91.
5. Greenwood R D, Rosenthal A, Nadas A S.
Cardiovascular malformations associated with
omphalocele. JPediatr 1974; 85: 818-21.
6. Hassinck E A M, Rieu P N M A, Hamel B C J,
Severijnen RS VM, StaakFHJ, FestenC. Additional
congenital defects in anorectal malformations. Eur J
Pediatr 1996; 155: 477-82.
7. Rubin J D, Ferencz C, Brenner J 1, Neill C A, Perry L
W. Early detection of congenital cardiovascular
malformations in infancy. Am JDis Child 1987; 141:
1218-20.
8. Samainek M, Slavik Z, Zb6rilova B, Hroboniova V,
Voriskova M, Skovranek J. Prevalence, treatment,
and outcome ofheart disease in live-born children: a
prospective analysis of 91,823 live-born children.
Pediatr Cardiol 1989; 10: 205-11.
9. Stoll C, Dott B, Alembik Y, Roth M P. Evaluation of
routine prenatal diagnosis by a registry ofcongenital
anomalies. Prenat Diagn 1995; 15: 791-800.
10. Tubman T R J, Shields M D, Craig B G, Mulholland
H C, Nevin N C. Congenital heart disease in Downs
syndrome: twoyearprospectiveearlyscreeningstudy.
Br Med J 1991; 302: 1425-7.
11. Lubinsky M. Current Concepts: VATER and other
associations: Historical perspectives and modern
interpretation.Am JMed Genet 1986; 2 (suppl): 9-16.
C) The Ulster Medical Society, 2000.
12. Barnes J C, Smith W L. The VATER association.
Radiology 1978; 126: 445-9.
13. Weaver D D, Mapstone C L, Yu P-L. The VATER
association, analysis ofthepatients.AJDC 1986; 140:
225-9.
14. Greenwood RD, SommerA, Rosenthal A, CraenenJ,
Nadas AS. Cardiovascular abnormalities in the
Beckwith-Wiedemann syndrome.AmJDisChild1977;
131: 293-4.
15. Nivelon-ChevallierA, MavelA,MichielsR,Bethenod
M. Syndrome de Wiedeman Beckwith-Familial:
diagnostic antenatal echographique et confirmation
histologique. J Genet Hum 1983; 31 Suppl 5; 397-
402.
16. KuehlKS,KapurS,ToomeyK,VarghesePJ,Midgley
FM,RuckmanRN.Focalcardiomyopathy andectopic
atrialtachycardia inBeckwith Syndrome.AJCardiol
1985; 55: 1234-5.
17. Ryan C A, Boyle M H, Burggraf G W. Reversible
obstructive hypertrophic cardiomyopathy in the
Beckwith-Wiedmann Syndrome. Pediatr Cardiol
1989; 10: 225-8.
18. Butler N, Claireaux A K. Congenital diaphragmatic
hernia as a cause ofperinatal mortality. Lancet 1962;
1: 659-63.
19. Sharland G K, Lockhart S M, Heward A J, Allan L D.
Prognosis in fetal diaphragmatic hernia. Am J Obstet
Gynecol 1992; 166: 9-13.
20. Allan L D, Irish M S, Glick P L. The fetal heart in
diaphragmatic hernia. Clin Perinatol 1996; 23: 795-
812.
21. Fauza D 0, Wilson J M. Congenital diaphragmatic
hernia and associated anomalies: their incidence,
identification and impact on prognosis. JPediatSurg
1994; 29: 1113-7.
22. ClarkRH, HardinWDJr,HirschiRB,JaksicT,Lally
K P, Langham M R Jr, Wilson J M. Current surgical
management of congenital diaphragmatic hernia: a
report from the Congenital Diaphragmatic Hernia
Study Group. J Pediatr Surg 1998; 33: 1004-9.